Background: Women with an initial breast cancer diagnosis are at elevated risk of developing subsequent cancer in the contralateral breast. Studies of reproductive factors and contralateral breast cancer (CBC) have provided inconsistent results. Methods: We employed a case-control study nested within five population-based cancer registries in the United States and Denmark to examine associations between reproductive history and CBC risk. Cases were women with asynchronous CBC who had their first primary invasive breast cancer before age 55 years. Two controls, who had only one primary breast cancer diagnosis, were individually matched to each case on age and year of diagnosis, race, and registry. A total of 694 case-control triplets and 11 case-control pairs were enrolled. Information regarding possible CBC risk factors was obtained via telephone interviews. Multivariable con-
Introduction
Women diagnosed with breast cancer have greater risk for a second primary breast cancer than the general population of women has for a first primary breast cancer (1) . This risk differential seems to be higher for women who are under age 45 at the time of their initial breast cancer diagnosis than it is for older women (1) (2) (3) (4) (5) . Several factors have been investigated in relation to risk of contralateral breast cancer (CBC), including genetic predisposition and family history (2, 3, (5) (6) (7) (8) , reproductive history (2) (3) (4) (7) (8) (9) , histology of the first breast cancer (3, 10, 11) , treatment (3, 7, 9, 11) , anthropometry (3, 4) , and race (11) .
The impact of pregnancy on risk of a first primary breast cancer has been extensively studied (12) . Although having a full-term pregnancy (FTP) is associated with reduced breast cancer risk among postmenopausal women overall, women who have their first term pregnancy in their 30s or 40s are at somewhat higher breast cancer risk than nulliparous women. The immediate effect of a term pregnancy seems to increase a woman's risk, with the duration of this elevated risk decreasing with each subsequent pregnancy (13) . Studies of pregnancy history and risk of CBC have provided inconsistent results with some reporting that late age at first FTP (2) and low parity or nulliparity (2, 7, 9, 14) are associated with increased risk of CBC, whereas others report no significant associations between reproductive factors and CBC risk (4, 8, 15) .
The number of breast cancer survivors is increasing due to rising rates of both breast cancer incidence (16) and survival (17) . Identifying factors that are associated with an increased risk of asynchronous CBC is therefore more important for developing strategies of early detection of this outcome. To resolve some of the inconsistencies of prior studies regarding the relationship of pregnancy history to risk of CBC, we employed a case-control study nested among a large sample of breast cancer patients in five population-based cancer registries to examine further this relationship and to determine whether the observed associations are modified by other risk factors.
Materials and Methods
The WECARE Study is a multicenter, population-based nested case-control study that involves a comparison of women with asynchronous bilateral breast cancer, who serve as case subjects, with women with unilateral breast cancer, who serve as control subjects (18 
Study Population
Eligibility. Women were eligible as cases if they met the following criteria: (a) diagnosed between January 1, 1985, and December 31, 1999, with a first primary invasive breast cancer that did not spread beyond the regional lymph nodes at diagnosis and a second primary in situ or invasive breast cancer diagnosed in the contralateral breast at least 1 year after the first breast cancer diagnosis and before January 1, 2002; (b) resided in the same study reporting area for both diagnoses; (c) had no previous or intervening cancer diagnosis except squamous cell or basal cell skin cancer or cervical carcinoma in situ; (d) were alive at the time of contact, and able to provide informed consent to complete the interview; and (e) were under age 55 years at the time of diagnosis of the first primary breast cancer.
Two control subjects were individually matched to each case on year of birth (5-year strata), year of diagnosis (4-year strata), registry region, and race, and were counter-matched on registry-reported radiation exposure (18) . Counter-matching was done so that two of the members of each case-control triplet were reported to have radiation exposure by registry records. This counter-matching was carried out to address the hypotheses of the main study, designed to assess whether genetic factors involved in DNA repair, in combination with radiation exposure, were associated with an increased risk of second primary breast cancer. In selecting controls, we created an at-risk interval which was the elapsed time (in days) between the matched case's two diagnoses. This interval was added to the date of breast cancer diagnosis for the control to define her reference date for the purposes of eligibility (she had to have lived in the same cancer-reporting region on that date) and interview. In addition, controls had to meet the following criteria: (a) diagnosed since January 1, 1985, with first primary invasive breast cancer that did not spread beyond the regional lymph nodes at diagnosis, while residing in one of the study reporting areas; (b) no diagnosis of any other cancer before her breast cancer diagnosis or in the defined at-risk interval (other than squamous or basal cell skin carcinoma or in situ cervical cancer); (c) alive at the time of contact and able to provide informed consent to complete the interview; and (d) no prophylactic mastectomy of the contralateral breast before or within the at-risk interval.
Across the five tumor registries, a total of 998 women with bilateral breast cancer were eligible and approached for inclusion in the study as cases, and 2,112 women with unilateral breast cancer were eligible as controls. Of these potential participants, 708 (71%) cases and 1,399 (66%) controls completed the interview and had a blood sample drawn. In all, we successfully recruited 694 counter-matched triplets (1 case: 2 controls), where two members of each triplet were exposed to radiation according to the registry records. For 17 triplets, the region or the race/ethnicity criteria was relaxed. We also recruited 11 case-control pairs, of which 8 sets were discordant on radiation exposure and 3 were concordant on exposure. We were unable to recruit any controls for three cases. Of the 998 cases and 2,112 controls eligible and approached for the study, reasons for nonparticipation, in sequence, were physician refusal (0.5% cases, 1% controls), subject interview refusal (27% cases, 31% controls), and subject blood draw refusal (3% cases, 3% controls).
Data Collection. All participants in the WECARE Study were interviewed by telephone using a structured questionnaire. The interview was conducted by a trained interviewer. The questionnaire emphasized events occurring before the diagnosis of the first primary as well as those that occurred within the at-risk period (before the reference date for the case or the control subject). The focus of the questionnaire was on known or suspected risk factors for breast cancer, including personal demographics, medical history, family history, reproductive history, use of hormones, body size, and alcohol intake. The section on reproductive history included age at menarche, number of pregnancies, pregnancy outcome, duration and end date for each pregnancy, lactation history, menopausal status, and age at menopause. Medical records, pathology reports, and hospital charts were used to collect detailed treatment information (chemotherapy, hormonal therapy, and radiation therapy). Because the medical record data contained missing values regarding chemotherapy (7%) and/or hormonal therapy (10%), the treatment history variable was defined using self-reported data for these subjects. Information on tumor characteristics (including location in the breast, stage at diagnosis, estrogen and progesterone receptor status, and histology) was collected from medical records or cancer registry records. The study protocol was approved by the Institutional Review Boards at each study site and by the ethical committee system in Denmark.
Statistical Methods. Two members of each triplet were radiation exposed, and one was radiation unexposed, based on treatment history information recorded in each of the cancer registries (counter-matching design). Standard techniques for analyzing counter-matched case-control studies (19) were employed to investigate the individual and joint effects of known risk factors on the development of CBC. Log-linear (Cox) models for CBC rates were fit to the individually matched triplet data using conditional logistic regression with the inclusion of a log weight covariate in the model where the coefficient of this log weight was fixed at 1 (i.e., an offset in the model). These computed weights were incorporated in the models to account for the sampling probability of countermatching. They are based on the number of radiation-exposed and unexposed subjects within the sampled risk set. Aside from this offset term, the analytic approach is identical to a standard conditional logistic regression analysis for individually matched case-control studies.
In the current study, we focused on the following reproductive variables: age at menarche (<13, z13 years); pregnancy history (never pregnant, no FTP, and at least one FTP); number of FTP (nulliparous, 1, 2, 3, 4+); age at first FTP (<20, 20-24, 25-29, 30+ years or nulliparous); age at menopause (premenopausal, postmenopausal age <45 years, postmenopausal age z45 years), breast-fed (never/ever), and duration of breastfeeding (1-3, 4-6, 7-23, 24+ months). A FTP was defined as any stillbirth, livebirth, or multiple births with at least one live birth. Menopausal status was determined by comparing date or age at last period with reference date: if the subject reported that she was still having periods, was having periods within 12 months of the reference date, or was currently pregnant, she was considered to be premenopausal; if subject reported that her periods stopped at least 1 year before her reference date, she was considered to be postmenopausal as of the reference date. Pregnancy and lactation history were first considered through the date of first breast cancer diagnosis and then through the end date for the at-risk period (denoted ''as of reference date,'' the date of CBC diagnosis for the cases and the corresponding date for the matched controls). Rate ratios and corresponding 95% confidence intervals (95% CI) were estimated by fitting univariate and multivariable conditional logistic regression models accounting for the countermatched sampling. In the multivariable analyses, we included all of the following risk factors: exact age at diagnosis of the first primary breast cancer, family history of breast cancer (no first-degree affected relatives, at least one first-degree affected relative, adopted or unknown family history), histology of first primary (lobular, medullary, ductal, or other) stage of the first Total numbers presented in the tables may vary slightly due to missing information. To account for missing information within a counter-matched set, a missing indicator variable was included in the conditional logistic regression models according to the methods proposed by Huberman and Langholz (20) .
Results
Distributions of the matching factors and other characteristics for the cases and controls are displayed in Table 1 . The large difference in frequencies of radiation exposure between cases and controls was due to the counter-matching in the design whereby each triplet was comprised of two exposed subjects and one unexposed.
Women who experienced menarche before age 13 had a modest and marginally significant increased risk of CBC [rate ratio (RR), 1.26; 95% CI, 1.01-1.58; Table 2 ]. Gravidity and menopausal status were not statistically significantly associated with CBC. The number of FTPs (as of reference date) was inversely associated with risk (P trend = 0.001) and culminated in a 50% reduction in risk of CBC for cases with four or more FTPs. We observed an increased rate ratio for women who were nulliparous or had their first FTP at age 30 or later in the unadjusted analysis. If we consider these groups separately, the rate ratio for the nulliparous group as compared with age <20 is 1.46 (95% CI, 0.98-2.18), whereas the rate ratio for the 30+ group relative to age <20 is 1.62 (95% CI, 1.06-2.47). However, after considering the number of term pregnancies and other potential confounders in the multivariable model, age at first FTP was not significantly associated with the risk of CBC (P trend = 0.76). Analyses of the number of births occurring before or after age 30 were also completed. As compared with nulliparous women, those with three or more FTPs, all of which occurred before age 30, were observed to have significantly reduced risk of CBC (RR, 0.6; 95% CI, 0.4-0.9). However, women with FTPs after age 30 were not observed to have significantly reduced risk of CBC as compared with nulliparous women. We cannot rule out a protective effect from having children after age 30; nonetheless, this may be modest in comparison to that conferred by multiple FTPs occurring before age 30. Breastfeeding history was not significantly associated with risk of CBC (P trend = 0.09 for duration of breastfeeding). The results for effects of reproductive factors using date at first breast cancer diagnosis as the reference date for cases and controls were of similar magnitude as those presented, which include the at-risk period (data not shown). We also conducted age-stratified (<45, z45 years) analyses of CBC risk, examining the impact on CBC risk of age at first FTP, number of FTPs, and breastfeeding. The association between the reproductive characteristics and the risk of CBC did not differ by age (data not shown).
Discussion
In this study, we found that earlier menarche and lower parity were associated with risk of asynchronous CBC in women diagnosed with a first primary breast cancer before age 55 years. Age at first FTP, breastfeeding history, and menopausal status were not significantly associated with CBC risk.
Early menarche is considered a modest risk factor for first primary breast cancer (21) . Two prior studies assessed risk of CBC in relation to age at menarche, and neither showed increased risk of CBC with menarche before age 13 years (4, 9). Combined with our results, these studies suggest that early age at menarche has, at most, a modest impact on CBC risk.
Parity is a well-established risk factor for breast cancer (21, 22) . Our results showing a statistically significant decline in risk of CBC with increasing number of FTPs agree with those of the only population-based study to address this previously (9) , where an adjusted RR of 0.62 for CBC risk associated with two or more FTPs was reported. It has been proposed that this observed protective effect for multiple FTPs is a result of the differentiation of breast stem cells which occurs during each FTP, leaving the cells less susceptible to carcinogenesis (23, 24) . It is unclear whether the increased protection observed with each additional pregnancy is due to further differentiation of tissue with each succeeding pregnancy or changes in the hormonal milieu (25, 26) or a combination of factors. Our results further indicate that the protective effect of multiple FTPs is more pronounced when the pregnancies occur before age 30 years. Interestingly, however, an association between an early age at first FTP and CBC risk was not observed in the present analysis after adjusting for number of FTPs and other potential confounding factors. These findings suggest that the number of FTPs is a more important determinant of CBC risk than an early first FTP. In contrast, research examining the relative influences of parity and age at first FTP on risk of first primary breast cancer suggests these factors may be independent (12). Breastfeeding has only a modest impact on risk of breast cancer overall after the impact of parity is considered (27) . The findings of the present study agree with one previous study of breastfeeding and CBC, which also found no statistically significant association with CBC risk when number of pregnancies breast-fed was considered (9) . Together, these results suggest that breastfeeding history is not an important predictor of CBC risk.
Our study has many strengths, including the large sample size, the population-based subject ascertainment, the abstraction of medical records to confirm a cancer-free interval for controls and treatment history for both cases and controls, and strict individual matching of the cases and controls. However, as with all case-control studies, our study has some potential limitations. First, although our study is the largest populationbased case-control study conducted to date that included direct interviews of patients, we nevertheless had limited statistical power to detect modest relationships between age at first FTP and CBC or between duration of breastfeeding and CBC. Second, although we limited the potential for misclassification of metastases as second primary breast cancer by restricting this study to women with initial breast cancer diagnoses of localized and regional disease and specified a minimum interval of 1 year between the first and second diagnosis among the cases, the possibility of misclassification remains. Third, we conducted interviews with cases and controls, and so we were able to include a woman's history of reproductive events both before first breast cancer diagnosis and during her at-risk period before the cases' second primary diagnoses. However, by focusing on these reproductive events that are important for developing a first primary breast cancer, we may have missed some other factors that are predictors of a second primary. Lastly, we required that all of our cases and controls be alive so that we could obtain a blood sample. Thus, we cannot rule out the potential for a survival bias in our results. However, because we individually matched our controls to our cases on both age and year of first breast cancer diagnosis and restricted study eligibility to women whose breast cancer had not spread beyond regional lymph nodes at first diagnosis, this possibility is unlikely to differentially affect the cases and controls in our study.
In summary, our findings suggest that among women diagnosed with a first breast cancer before age 55 years, multiparity and late menarche are inversely associated with risk of CBC in a manner similar to the associations observed for first primary breast cancers. However, other reproductive factors basic to the epidemiology of first primary breast cancer such as early age at first FTP and breastfeeding do not seem to strongly influence CBC risk. Further research regarding populations at risk for developing CBC may be useful in developing strategies for primary and secondary prevention.
